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(57)  Apush-button switch 5disposed in a switch case
3 has c-contacts and a normally close contact electrically
connected with a terminal block 9 via conductors 39.
Leading ends 23 of cores of a cable 7 introduced into the
switch case 3 are inserted in insertion holes 49a, 49b

formed in the terminal block 9. Screws 53a, 53b mounted
to the terminal block 9 are tightened to press the leading
ends 23 of the cores against conductive connection por-
tions, on one side, inthe insertion holes 49a, 49b, thereby
to establish electrical connection.
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Description
Technical Field

[0001] The present invention relates to a grip type
switch device including a switch case configured to be
held by one hand and provided with a push-button switch
adapted to be switched OFF or ON according to the
amount of push-button depression, and to a controller
for industrial machinery employing the grip type switch
device.

Background Art

[0002] In factories or the like, a controller for industrial
machinery 201 provided with an industrial machinery,
such as a robot, has an arrangement, as shown in Fig.
17, wherein a dangerous zone around the industrial ma-
chinery (the industrial robot) 203 is enclosed by a safety
fence (partitioning means) 207 having a doorway 205
freely opened or closed whereby an operator is prevent-
ed from being involved in trouble that the operator is
caught in the operating industrial machinery 203. In the
case of normal operation of the industrial machinery 203,
the operator standing outside the safety fence 207 con-
trols the machinery 203 via a control panel 209 attached
to an outside surface of the safety fence 207.

[0003] From the standpoint of safety, emergency stop
switches 211 are provided at the control panel 209 and
at plural places inside and outside of the safety fence
207. In the event of a dangerous state of the industrial
machinery 203, any one of the emergency stop switches
211 inside and outside of the safety fence 207 may prop-
erly be manipulated to cut off power to a main circuit of
the controller 201, thereby driving the whole controller
201 into emergency stop.

[0004] From the standpoint of safety, as well, a safety
switch 215 is also provided at the doorway 205 of the
safety fence 207 so as to deactivate the industrial ma-
chinery 203 when a door 213 in the doorway 205 is not
fully closed.

[0005] The safety switch 215 is electrically connected
with the industrial machinery 203 installed at place inside
of the safety fence 207 and comprises, as shown in Fig.
18, a switch body 217 containing contacts, and an actu-
ator 219 adapted to close or open the contacts in the
switch body 217 when inserted into or extracted from the
switch body 217. The switch body 217 is secured to the
safety fence 207 at place around the doorway 205,
whereas the actuator 219 is secured to the door 213. The
actuator 219 is positioned at place corresponding to an
insertion hole 221 of the switch body 217 so that the
actuator may enter an operation section 223 of the switch
body 217 when the door 213 is closed.

[0006] The inserted actuator 219 closes the contacts
contained in a switch section 225 of the switch body 217,
so that the industrial machinery 203 inside of the safety
fence 207 is supplied with power and ready to operate.
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When, on the other hand, the actuator 219 is extracted
from the operation section 223 by opening the door 213,
the contacts in the switch section 225 are opened to cut
off the power to the industrial machinery 203, so that the
industrial machinery 203 does operate unless it is man-
ually operated. Thus, the industrial machinery 203 does
not operate when the door 213 is open. This leads to the
prevention of the occurrence of trouble that the operator
working inside of the safety fence 207 is caught in the
operating industrial machinery 203.

[0007] In cases where the operator enters the zone
inside of the safety fence 207 to manually operate the
industrial machinery 203 or to carry out maintenance
service for the industrial machinery 203, the operator us-
es a teaching pendant 227 equipped with a push-button
switch, a so-called enable switch (deadman switch) in
order to obviate an accident associated with contact with
the operating industrial machinery 203 during the work.
[0008] As shown in Fig.19, the teaching pendant 227
is a portable unit which is connected with the control panel
209 via a cable 229, thereby enabled to teach a program
to the industrial machinery 203 or to operate the industrial
machinery 203. The teaching pendant 227 includes an
input keyboard 231 disposed on a main surface thereof,
and a push-button switch (enable switch) 233 disposed
on one side surface thereof. The push-button switch 233
is adapted to be switched from a first OFF state to an ON
state, and then to a second OFF state according to the
amounts of push-button depression. In some cases, the
push-button switch 233 may be disposed on a back side
of the teaching pendant 227.

[0009] When the teaching pendant 227 is in the first
OFF state where a push button 235 of the push-button
switch 233 is undepressed, key entry is not effected even
though the keyboard 231 is manipulated. When the op-
erator of the teaching pendant 227 teaches a program
to the industrial machinery 203, the operator performs
the key entry through the keyboard 231 while holding the
push-button switch 233 in the ON state by depressing
the push button 235. If, at this time, the operator releases
the push button 235 recognizing potential danger of con-
tact with any moving part of the manually operated in-
dustrial machinery 203, the push-button switch 233 is
returned to the initial or first OFF state so that the indus-
trial machinery 203 is deactivated.

[0010] In the event of an imminent danger panicking
the operator into pressing further down on the push but-
ton 235, the push-button switch 233 in the ON state is
shifted to the second OFF state, thereby deactivating the
industrial machinery 203.

[0011] Thus, the teaching pendant 227 permits the key
entry via the keyboard 231 thereof only when the push-
button switch 233 thereofis in the ON state. Furthermore,
the push-button switch 233 can be set to any of the three
positions (the first OFF state, the ON state and the sec-
ond OFF state) according to the amounts of push-button
depression 235. Accordingly, the teaching pendant pro-
vides for a tangible indication of intent of the operator
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manually operating the machinery so that the safety of
the operator is ensured.

[0012] In the manual operation of the industrial ma-
chinery 203 as described above, there may be a case
where, in addition to the above operator, a plural number
of assistant operators enter the zone inside of the safety
fence 207 for assisting this main operator manipulating
the teaching pendant 227. In this case, these assistant
operators individually carry with them a grip type switch
device for safety purpose when entering the zone inside
of the safety fence 207, the grip type switch device
equipped with a three-position type push-button switch
of a similar configuration to that of the above push-button
switch 233. That s, the industrial machinery 203 can also
be deactivated by any of the assistant operators that
shifts the grip type switch device to the second OFF state.
[0013] Aspecificexample of the grip type switch device
is shown in Fig.20. As seen in the figure, the grip type
switch device 239 includes a switch case 241 designed
to be held by one hand, and a push-button switch 243
operable as depressed by the hand gripping the switch
case 241. The switch device 239 s electrically connected
with the aforesaid control panel 209 via a cable 245 con-
nected with contacts in the switch case 241 by soldering
and unified with the switch case 241.

[0014] The operators inside of the safety fence 207
perform their jobs with one hand thereof while gripping
their grip type switch devices 239 in the other hand there-
of, respectively. In a case where a program is taught to
the industrial machinery 203, the program teaching to
the industrial machinery 203 is not effected unless not
only the push-button switch 233 of the teaching pendant
227 but also the push-button switches 243 of all the grip
type switch devices 239 are shifted to the ON state. This
ensures an even more enhanced safety during the work.
[0015] Another specific example of the grip type switch
device is arranged such that an essential configuration
and function of the switch device are substantially the
same as those of the above grip type switch device and
that a watertight connector is used for removably con-
necting the contacts in the switch case and the cable.
[0016] Since such grip type switch devices 239 are
connected with the control panel 209 via the respective
cables 245, the operators inside of the safety fence 207
usually carry out their jobs while trailing the cables 245
behind them. Therefore, the cable 245 may be damaged
due to sliding contact with the floor or otherwise, a con-
nection portion between the cable 245 and the switch
case 241 may be so frequently twisted as to be broken.
[0017] Unfortunately, the specific example of the
switch device shown in Fig.20 has the configuration
wherein the switch case 241 is unified with the cable 245.
Therefore, even though only the cable 245 is damaged,
it is impossible to replace the damaged cable alone.
Hence, the whole grip type switch device 239 must be
changed for the sake of cable replacement. This results
in an extremely high maintenance cost.

[0018] In the other specific example of the switch de-
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vice, the cable is connected with the contacts in the switch
case via the watertight connector so that the cable alone
can be replaced if it is damaged. However, the cable
replacement also requires the watertight connector to be
replaced. Since the watertight connector itself is quite
expensive, a high maintenance cost results, as well.
[0019] When the operator performs his job inside the
safety fence 207, the door 213 in the doorway 205 is held
open whereby the contacts of the safety switch 215 are
opened to cut off the power to the industrial machinery
203. However, there may be contemplated a case where
the door 213 is inadvertently closed while the operator
is working inside the safety fence 207. In such a case, a
fear exists that the actuator 219 of the safety switch 215
enters the switch body 217 thereby inadvertently resum-
ing the power supply to the industrial machinery 203.
[0020] In view of the foregoing, it is an object of the
present invention to provide a grip type switch device
wherein, in the case of damage to the cable, the damaged
cable alone can be readily replaced at low cost.

[0021] It is another object of the present invention to
ensure that the industrial machinery is positively main-
tained in cutoff even if the doorway of partitioning means,
such as the safety fence, is inadvertently closed.

Disclosure of the Invention

[0022] According to the presentinvention for achieving
the above objects, a grip type switch device comprises
a switch case configured to be held by one hand and
including a push-button switch capable of being switched
OFF or ON according to the amount of push-button de-
pression, and is characterized in that connection
means contained in the switch case establishes remov-
able electrical connection between an end of a cable in-
troduced into the switch case and contacts of the push-
button switch.

[0023] According to this arrangement, the cable is re-
movably held in electrical connection with the push-but-
ton switch by means of the connection means contained
in the switch case. Hence, in the case of damage to the
cable, for example, the damaged cable alone can be re-
moved from the grip type switch device for replacement.
In contrast to the conventional example where the dam-
aged cable requires the replacement of the whole grip
type switch device, the presentinvention does notrequire
such a replacement nor require the provision of an ex-
pensive connector, such as a watertight connector. Thus,
a maintenance cost associated with the cable replace-
ment can be reduced.

[0024] In another aspect of the present invention, the
grip type switch device is characterized in that the con-
nection means comprises a base contained in the switch
case, and a terminal block formed on the base and in-
cluding a plurality of conductive connection portions, on
one side, electrically connected with the contacts of the
push-button switch, and that conductive connection por-
tions, on the other side, attached to individual leading
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ends of plural cores of the cable are removably fitted with
the corresponding conductive connection portions on the
one side, thereby establishing electrical connection of
the cable.

[0025] According to the arrangement, the conductive
connection portions, on the one side, of the terminal block
electrically connected with the push-button switch are
removably fitted with the conductive connection portions,
on the other side, attached to the leading ends of the
cores of the cable. In orderto replace the cable, therefore,
the cores of the cable only need be disengaged from the
terminal block, so that the cable replacement is facilitat-
ed. In addition, the push-button switch and the cable are
interconnected by way of the less costly terminal block
which contributes to a simple configuration. Thus, the
maintenance cost for the grip type switch device can be
reduced.

[0026] In another aspect of the present invention, the
grip type switch device is characterized in that the con-
nection means comprises a connector including a con-
nector portion for the switch which is contained in the
switch case and electrically connected with the contacts
of the push-button switch, and a connector portion for
the cable which is electrically connected with leading
ends of plural cores of the cable introduced into the switch
case and is removably fitted with the connector portion
for the switch.

[0027] According to the arrangement, the connector
portion for the switch in electrical connection with the
push-button switch is removably fitted with the connector
portion for the cable in connection with the leading ends
of the cores of the cable. In order to replace the cable,
therefore, the fitted connector portions only need be dis-
engaged from each other, so that the cable replacement
is facilitated. In addition, the push-button switch and the
cable are interconnected by way of the less costly con-
nector, which contributes to the simple configuration.
Thus, the maintenance cost for the grip type switch de-
vice can be reduced.

[0028] In another aspect of the present invention, the
grip type switch device is characterized in that the push-
button switch is shifted from a first OFF state to an ON
state and then to a second OFF state according to the
increased amounts of push-button depression, and that
the push-button switch includes an auxiliary contact in
the switch case, the auxiliary contact designed to be
opened or closed when the push-button switch is in the
first OFF state and to be closed or opened when the
push-button switch is in the second OFF state.

[0029] According to the arrangement, the push-button
switch of the grip type switch device is adapted to be
shifted from the first OFF state to the ON state and then
to the second OFF state with increase in the amount of
push-button depression. Hence, the push-button switch
in the ON state can be returned to the first OFF state by
releasing the pressure thereon, or otherwise be shifted
to the second OFF state by further depressing the push-
button switch. Thus is ensured the safety of the operator.
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[0030] In addition, the auxiliary contact assuming dif-
ferent open/close positions in the first OFF state and the
second OFF state is disposed in the switch case. There-
fore, whether the push-button switch is in the first OFF
state or in the second OFF state can be determined by
monitoring the open/close position of the auxiliary con-
tact.

[0031] In another aspect of the present invention, the
grip type switch device is characterized in that the
switch case is provided with an emergency stop switch
to be manipulated for bringing an external system into
emergency stop.

[0032] According to the arrangement, the emergency
stop switch is provided at the switch case. Therefore, in
the case of a dangerous situation involving the operator,
the operator can bring the external system into emergen-
cy stop by manipulating the grip type switch device rather
than directly manipulating the external system. This pro-
vides for a quick reaction to the emergency situation,
leading to an enhanced safety during the work.

[0033] In another aspect of the present invention, the
grip type switch device is characterized in that the
switch case is provided with an actuator removably in-
serted in a safety switch provided at the external system,
and that the external system is shifted to an enable mode
for control via a control panel of the external system upon
insertion of the actuator in the safety switch, whereas the
external system is shifted to a disable mode for control
via the control panel thereof upon extraction of the actu-
ator from the safety switch.

[0034] Accordingtothe arrangement, the external sys-
tem is disabled for control by extracting the actuator pro-
vided at the grip type switch device from the safety switch.
Therefore, the external system can be disabled to control
the machinery when, for example, the machinery is sub-
jected to the teaching operation via the manipulated grip
type switch device. This obviates an accident wherein
the machinery is externally operated by mistake during
the execution of the teaching operation. Thus, the safety
during the work can be enhanced.

[0035] In another aspect of the present invention, the
grip type switch device is characterized in that the ac-
tuator is disposed in the switch case in a manner to be
freely projected or retracted.

[0036] According to the arrangement, in a case where
the actuator is extracted from the safety switch before
the teaching operation to the machinery is carried out,
for example, the projected actuator can be retracted into
the switch case. Therefore, the operator may retract the
actuator projected from the switch case thereinto before
the operator carries out his job as holding the grip type
switch device in his hand, whereby the actuator is pre-
vented from contacting the machinery or the like.
[0037] In another aspect of the present invention, the
grip type switch device is characterized in that a guard
member for partially covering a push button of the push-
button switch is removably fixed to the switch case.
[0038] According to the arrangement, the guard mem-
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ber partially covers the push button so as to interfere with
winding an adhesive tape about the push-button switch
for holding the push-button switch in the ON state, for
example. The guard member is effective to prevent a
wrong use of the push-button switch that the push-button
switch is held ON by winding the adhesive tape therea-
bout rather than by gripping the switch device by hand.
[0039] In another aspect of the present invention, the
grip type switch device is characterized in that indica-
tion means indicative of the ON and OFF states of the
push-button switch is provided at the switch case.
[0040] According to the arrangement, the indication
means s provided forindication of the ON and OFF states
of the push-button switch. Therefore, the operator of the
grip type switch device can recognize the state of the
push-button switch at a glance.

[0041] In another aspect of the present invention, the
grip type switch device is characterized in that a drive
switch for another device is provided at the switch case.
[0042] According to the arrangement, the drive switch
for another device is provided at the switch case and
hence, the another device can be operated by manipu-
lating the drive switch at the grip type switch device.
Therefore, the grip type switch device may also be used
as operation means for another device, contributing to
the increased efficiency of the work.

[0043] In another aspect of the present invention, the
grip type switch device is characterized in that the
switch case is provided with watertight means at a lead-
in portion thereof, through which the cable is introduced
into the switch case.

[0044] According to the arrangement, the switch case
is provided with the watertight means at its lead-in portion
for the cable and hence, the grip type switch device is
prevented from suffering failure caused by water inva-
sion. This ensures a trouble-free use of the grip type
switch device even in an environment requiring a water-
tight measure.

[0045] In another aspect of the present invention, the
grip type switch device is characterized in that a push
button of the push-button switch projects from a periphery
of the switch case, and that the switch case is formed
with projections at places on opposite sides of the push
button, the projections projecting further outward than
the push button.

[0046] According to the arrangement, the projections
projecting further outward than the push button are
formed on the opposite sides of the push button, so that
the push button is guarded by the projections sandwich-
ing the push button therebetween. Thus, the projections
prevent the push-button switch from being inadvertently
depressed ON in cases where, for example, the grip type
switch device is placed on a flat plane.

[0047] According to the present invention, a controller
for industrial machinery comprises: partitioning means
partitioning a zone around an industrial machinery and
including a doorway freely opened or closed; and a con-
trol panel for the industrial machinery disposed near the
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doorway and switched between a disable mode for con-
trol and an enable mode for control in association with
the ON state and the OFF state of the push-button switch
of the grip type switch device, respectively.

[0048] According tothe arrangement, the control panel
for the industrial machinery is disabled for control when
the push-button switch of the grip type switch device is
ON. Therefore, the industrial machinery is prevented
from being inadvertently activated by someone outside
the partitioning means who manipulates the control panel
when the program teaching to the industrial machinery
is carried out by manipulating the grip type switch device.
Thus, the safety of the operator can be ensured during
the teaching operation.

Brief description of the Drawings
[0049]

Fig.1 is a perspective view showing a first embodi-
ment of the present invention;

Fig.2 is a side elevation in section showing the first
embodiment hereof;

Fig.3 is a group of diagrams explaining operations
of the first embodiment hereof;

Fig.4 is a fragmentary perspective view showing a
part of the first embodiment hereof;

Fig.5is a sectional view showing one state of another
part of the first embodiment hereof;

Fig.6 is a sectional view showing another state of
the above part of the first embodiment hereof;
Fig.7 is a sectional view showing still another state
of the above part of the first embodiment hereof;
Fig.8 is a fragmentary perspective view showing a
part of an exemplary modification of the first embod-
iment hereof;.

Fig.9is a side elevation showing the exemplary mod-
ification of the first embodiment hereof;

Fig.10is a side elevation showing another exemplary
modification of the first embodiment hereof;

Fig.11 is a sectional view showing one state of a part
of a second embodiment of the present invention;
Fig.12 is a sectional view showing another state of
the above part of the second embodiment hereof;
Fig.13 is a sectional view showing still another state
of the above part of the second embodiment hereof;
Fig.14 is a side elevation showing a third embodi-
ment of the present invention;

Fig.15 is a sectional view taken on the line A-A in
Fig.14;

Fig.16 is a diagram illustrative of how the third em-
bodiment hereof is used;

Fig.17 is a perspective view showing a controller for
industrial machinery according to the background art
of the present invention;

Fig.18 is a fragmentary perspective view showing a
part of the controller for industrial machinery of Fig.
17;
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Fig.19 is a fragmentary perspective view showing
another part of the controller for industrial machinery
of Fig.17; and

Fig.20 is a perspective view showing a conventional
example.

Best Modes for Carrying-Out the Invention
(First Embodiment)

[0050] Now referring to Figs.1 to 7, the present inven-
tion will be described by way of a first embodiment thereof
wherein the present invention is applied to a grip type
switch device for use with a controller for industrial ma-
chinery such as an industrial robot. Figs.1 and 2 are a
perspective view and a side elevation in section. Fig.3 is
a group of diagrams illustrative of how the grip type switch
device is gripped. Fig.4 is a perspective view showing a
terminal block disposed in a switch case, whereas Figs.
5 to 7 are sectional views each showing a different state
of a push-button switch disposed in the switch case.
[0051] In this embodiment, an essential configuration
of a controller for industrial machinery 201 employing the
grip type switch device is substantially the same as that
shown in Figs.17 to 19 and therefore, the following de-
scription is made with reference to these figures as well,
so that the redundancy is obviated.

[0052] As shown in Figs.1 and 2, a grip type switch
device 1 according to the embodiment comprises a
switch case 3 designed to be held by one hand; a push-
button switch 5 disposed in the switch case 3; a multicore
cable 7 including a plurality of cores, one end 6 of which
is removably attached to the switch case 3 and the other
end of which is connected with the control panel 209 (see
Fig. 17); and a terminal block 9 as connection means
which is disposed in the switch case 3 for electrically
connecting contacts of the push-button switch 5 with the
cable 7.

[0053] As shown in Figs.1 and 2, the switch case 3
comprises a cover member 11 and a case body 13, the
cover member 11 removably attached to the case body
13.

[0054] The case body 13 is formed with a lead-in ap-
erture 15 at one end thereof, through which the one end
6 of the cable 7 is inserted. The lead-in aperture 15 is
provided with a cylindrical watertight packing 17 which
closes gap between the one end 6 of the cable 7 and the
case body 13 thereby preventing water invasion. A pro-
tective member 19 of an elastic material, such as rubber,
is spirally wound around an outside surface of the one
end 6 of the cable 7. The protective member 19 protects
the one end 6 of the cable 7 from a direct external force
applied thereto during the use of the grip type switch de-
vice 1, whereby the cable 7 is prevented from being bent
or twisted heavily.

[0055] As inserted into the case body 13, the one end
6 of the cable 7 is removed of sheath thereof for exposing
multiple cores 21 thereof, leading ends 23 of which are
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removed of jacket for exposing conductors in the individ-
ual cores 21. The exposed conductor portions are re-
movably connected with the terminal block 9. It is noted
here that the exposed conductor portions at the leading
ends 23 of the cores 21 constitute conductive connection
portions on the other side according to the present in-
vention.

[0056] On the other hand, a guard member 27 such
as formed of a hard resin material is removably attached
to the switch case 3 for partially covering a push button
25 of the push-button switch 5. One end 29 of the guard
member 27 is fixed to a bottom of the case body 13 by
way of a screw 31. In a case where an operator grips the
switch case 3 in his right hand in order to manipulate the
grip type switch device 1, the guard member 27 may be
fixed to the switch case 3 as shown in Fig.3A. In a case
where the switch case 3 is gripped by the left hand, as
shown in Fig. 3B, the guard member 27 may be fixed to
the switch case 3 in the opposite orientation to that shown
Fig.3A.

[0057] The guard member 27 thus fixed makes it im-
possible to hold the push-button switch 5 in the ON state
by wrapping an adhesive tape around the switch case,
for example, because the guard member 27 prevents the
adhesive tape from pressing down on the push button
25. That is, the guard member 27 obviates a wrong use
of the switch device wherein the adhesive tape is
wrapped around the switch case to hold the push-button
switch 5 in the ON state while the operator neglects to
hold the push-button switch depressed.

[0058] Onthe other hand, the cover member 11iscen-
trally formed with an elongate hole 33 for insertion of the
push button 25 such that the push button 25 of the push-
button switch 5 in the switch case 3 projects outwardly
from the elongate hole 33. The cover member 11 is fur-
ther formed with projections 35a, 35b at longitudinally
opposite ends thereof, the projections projecting further
outward than the push button 25. The projections 35a,
35 are so formed as to guard the opposite ends of the
push button 25, thereby preventing the push-button
switch 5, which is placed on aflat plane for example, from
being accidentally depressed ON.

[0059] Two LEDs 37a, 37b as indication means are
provided at an end face, on the other side, of the cover
member 11 or at an end face of the projection 35a, the
LEDs emitting lights of different colors (red and green,
for example) for indicating the ON and OFF states of the
push-button switch 5, respectively. For instance, the LED
37ais ON during the OFF state of the push-button switch
5, whereas the other LED 37b is ON during the ON state
of the pus-button switch.

[0060] As shown in Figs.2 and 4, the terminal block 9
comprises a board 41 connected with terminal pieces 71,
81 forming contacts of the push-button switch 5 (de-
scribed hereinlater) via conductors 39; a base 43 of an
L-shape in section which is mounted on the board 41 and
includes an upper stage 45 and a lower stage 47; and
cylindrical conductive connection portions 51a, 51b, on
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the one side, which are disposed in plural insertion holes
49a, 49b formed in the base 43.

[0061] The conductor portions of the cores 21 of the
cable 7 are inserted in the conductive connection portions
51a, 51b, on the one side, disposed in the insertion holes
49a, 49b, respectively. On the other hand, screws 53a,
53b extended from individual top surfaces of the upper
stage 45 and the lower stage 47 are threadedly engaged
with the insertion holes 49a, 49b, respectively. The
screws 53a, 53b are tightened thereby pressing the con-
ductor portions at the leading ends 23 of the cores 21
against the conductive connection portions 51a, 51b on
the one side, respectively. The conductive connection
portions 51a, 51b on the one side are electrically con-
nected with the board 41, so that an ON or OFF signal
of the push-button switch 5 is transmitted to the cores 21
ofthe cable 7 via the conductive connection portions 51a,
51b on he one side.

[0062] The push-button switch 5 is a three-position
type switch adapted to be shifted from the first OFF state
to the ON state and then to the second OFF state ac-
cording to the amounts of push-button depression 25. As
shown in Fig.5, for example, the push-button switch 5
comprises a switch case 55 having a rectangular shape
in plan; a push button 25 depressibly supported by the
switch case 55; a pair of c-contacts 59 adapted to switch
ON or OFF the push-button switch 5 and a normally close
contract 61, as an auxiliary contact; and a pair of switch-
ing mechanisms 63 operatively associated with pressing-
down on the push button 25 for switching the c-contacts
59 between an open position and a close position. As
seen in the figure, the push-button switch 5 has a sym-
metrical configuration and therefore, the following de-
scription discusses a configuration of only a right half
thereof while the explanation of a left half thereof is dis-
pensed with.

[0063] As shown in Fig.5, the normally close contact
61 is disposed centrally downwardly of the switch case
55, whereas the pair of c-contacts 59 having a snap ac-
tion configuration are disposed at opposite ends of the
switch case as sandwiching the normally close contact
61 therebetween.

[0064] The normally close contact 61 comprises a
movable member 65 disposed in the switch case 55 and
projecting toward the push button 25 (upwardly) as urged
upward by a helical spring 64 disposed therebelow; a
pair of movable terminals 67 attached to the movable
member 65; and a pair of stationary terminals 69 brought
into or out of contact with the movable terminals 67. In
an initial state, the movable member 65 is urged upward
by the helical spring so that the normally close contact
61 is closed with the movable terminals 67 thereof con-
tacting the stationary terminals 69 thereof. The stationary
terminals 69 are electrically connected with the terminal
pieces 71 projected downwardly from the switch case
55, the terminal pieces 71 connected with the board 41
of the terminal block 9 via the conductors 39.

[0065] The c-contact 59a has the snap action config-
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uration, comprising a movable terminal 73; a normally
close stationary terminal 75 and a normally open station-
ary terminal 77 disposed above and below the movable
terminal 73; an operative member 79 for moving the mov-
able terminal 73 between the normally close stationary
terminal 75 and the normally open stationary terminal 77;
and a helical spring 80 anchored to the operative member
79 and to the movable terminal 73.

[0066] When the c-contact 59 is in the initial state or
in the first OFF state, the movable terminal 73 thereof is
in contact with the normally close stationary terminal 75
as spaced away from the normally open stationary ter-
minal 77 thereof. The movable terminal 73, the normally
close stationary terminal 75 and the normally open sta-
tionary terminal 77 are electrically connected with the
individual terminal pieces 81 projected downwardly from
the switch case 55, the terminal pieces 81 connected
with the board 41 of the terminal block 9 via the conduc-
tors 39.

[0067] The switching mechanism 63 is disposed in an
accommodating portion 83 defined in the push button 25.
The switching mechanism 63 comprises a pressing piece
85 for pressing the operative member 79 of the c-contact
59; a slide block 87 operatively associated with pressing-
down on the push button 25 for depressing the pressing
piece 85; and a pressing shaft 89 engaged with the slide
block 87.

[0068] The pressing shaft 89 is formed with a pair of
flanges 91a, 91b at an upper end thereof. One 91a of the
flanges is formed with a slope 93. The pressing shaft 89
has a hollow structure such that a helical spring 95 an-
chored to an upper inside surface of the accommodating
portion 83 is anchored to place in the pressing shaft 89.
[0069] The slide block 87 is formed with a cavity 97
vertically extended therethrough, whereas the pressing
shaft 89 is inserted through the cavity 97. The slide block
87 is formed with a slope 101 at an inside wall of one end
99 thereof, the slope 101 engaged with the slope 93 of
the pressing shaft 89. A helical spring 103 is interposed
between the one end 99 of the slide block 87 and a side
wall of the accommodating portion 83, the helical spring
103 serving to urge the slide block 87 toward the center
of the push button 25. The other end 105 of the slide
block 87 is adapted to abut against an upper end of the
pressing piece 85.

[0070] When the push button 25 of the push-button
switch 5 in the initial or first OFF state shown in Fig.5 is
depressed, the pressing piece 85 pushes down the op-
erative member 79 of the c-contact 59 as operatively as-
sociated with pressing-down on the push button 25, as
shown in Fig.6. Thus, the movable terminal 73 is moved
away from the normally close stationary terminal 75 to
be brought into contact with the normally open stationary
terminal 77, so that the push-button switch 5 is shifted to
the ON state.

[0071] When the push button 25 of the push-button
switch 5 in the ON state is further depressed, the slope
101 of the slide block 87 slides on the slope 93 of the
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pressing shaft 89, so that the slide block 87 is moved
outwardly relative to the push button 25, as shown in Fig.
7. The movement of the slide block 87 releases the other
end 105 thereof from the engagement with the upper end
of the pressing piece 85 which, in turn, is allowed to move
upwardly to release the pressure on the operative mem-
ber 79. This causes the movable terminal 73 to move
away from the normally open stationary terminal 77 and
to come into contact with the normally close stationary
terminal 75. Thus, the push-button switch 5 in the ON
state is shifted to the second OFF state.

[0072] At thistime, the movable member 65 of the nor-
mally close contact 61 in the push-button switch 5 is
pushed down by the push button 25, so that the movable
terminals 67 are moved away from the stationary termi-
nals 69 to open the normally close contact 61. That is,
the normally close contact 61 is closed in the first OFF
state and is opened in the second OFF state. Therefore,
whether the push-button switch 5 is in the first OFF state
or in the second OFF state can be readily determined by
monitoring the state of the normally close contact 61.
[0073] Inacasewhere apartofthe cable 7 is damaged
so that the grip type switch device 1 requires the replace-
ment of the cable 7, the cover member 11 of the switch
case 3 is first removed. Subsequently, the individual
screws 53a, 53b at the upper stage 45 and the lower
stage 47 of the terminal block 9 are loosened to release
the pressure on the conductive connection portions 51a,
51b, on the one side, of the conductor portions of the
cable 7. This state allows the conductor portions of the
cable 7 to be extracted from the insertion holes 49a, 49b
in the terminal block 9. Subsequently, the cable 7 with
the cores 21 is drawn out from case body 13 to be re-
placed by a new cable.

[0074] On the other hand, the new cable may be
mounted to the switch case 3 by performing the above
steps in the reversed order. Specifically, the cores 21 are
first drawn out from the one end 6 of the cable 7. The
one end 6 of the cable 7 is inserted through the lead-in
aperture 15 via the watertight packing 17. Then, the
sheath of the cable 7 is removed to expose the cores 21,
the leading ends 23 of which are also removed of the
jacket thereof to expose the conductor portions. The ex-
posed conductor portions are individually inserted in the
insertion holes 49a, 49b of the terminal block 9. Subse-
quently, the screws 53a, 53b are tightened to press the
conductor portions against the conductive connection
portions 51a, 51b on the one side thereby establishing
the electrical connection. Finally, the cover member 11
is fixed to the case body 13 to finish the replacement of
the cable 7.

[0075] Next, description is made on the operations of
the industrial machinery 203 operated by means of the
grip type switch device 1. In a case where the industrial
machinery 203 is subjected to program teaching or man-
ually operated, the operator responsible for the program
teaching brings the teaching pendant 227 with him into
the zone inside of the safety fence 207 whereas the other
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assistant operators bring the grip type switch devices 1
with themselves into the zone inside of the safety fence
207. At this time, the door 213 in the doorway 205 of the
safety fence 207 is held open. Thus, the actuator 219
fixed to the door 213 is extracted from the switch body
217 of the safety switch 215 and hence, the industrial
machinery 203 is deactivated to be placed in a mode to
be manually operated by way of the teaching pendant
227 or any of the grip type switch devices 1.

[0076] Whenthe programistaughtto the industrial ma-
chinery 203, the teaching operation or the like is carried
out in a state where the operator holds the push-button
switch 233 of the teaching pendant 227 in the ON state
while at the same time, the assistant operators hold the
push-button switches 5 of the grip type switch devices 1
in the ON state.

[0077] While the push-button switch 5 is ON, the LED
37a of the switch case 3 goes out whereas the LED 37b
comes on. Therefore, the assistant operator can visually
determine that the push-button switch 5 is in the ON state
where the teaching operation is permitted. On the other
hand, the push-button switch 233 of the teaching pendant
227 is also enabled for teaching to the industrial machin-
ery 203 when shifted to the ON state.

[0078] In a case where any of the assistant operators
is aware of abnormality such as contact with the industrial
machinery 203, the assistant operator can press further
down on the push button 25 of the push-button switch 5,
thereby shifting the push-button switch 5 in the ON state
to the second OFF state. Thus, the manual operation of
the industrial machinery 203 is disabled irrespective of
the manipulation of the teaching pendant 227.

[0079] According to the first embodiment described
above, the leading ends 23 of the cable 7 introduced into
the switch case 3 are removably held in electrical con-
nection with the c-contacts 59 of the push-button switch
5 by means of the terminal block 9. Even in the case of
damage to the cable 7, therefore, the damaged cable 7
may be readily replaced by removing the cores 21 thereof
from the terminal block 9 and then removing the cable 7
from the switch case 3. That is, the cable 7 alone can be
replaced when the cable 7 is damaged. This results in a
lower maintenance cost than the conventional example
wherein the damaged cable 7 requires the replacement
of the whole grip type switch device.

[0080] In addition, the less costly terminal block 9, as
the connection means, is used for connecting the cable
7 with the c-contacts 59 of the push-button switch 5. Ac-
cordingly, the grip type switch device 1 can be construct-
ed in a simple structure at low cost which results in the
reduction of maintenance cost.

[0081] Althoughthe embodimentdescribed above em-
ploys the terminal block 9 as the connection means for
interconnecting the cable 7 and the contacts of the push-
button switch 5, the present invention is not limited to
this. For instance, an arrangement shown in Fig.8 may
be made.

[0082] Instead of using the terminal block 9, the ar-
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rangement shown in Fig.8 may be made such that a con-
nector portion 107 for the cable is connected with the
exposed conductor portions of the cores 21 of the cable
7 whereas a connector portion 109 for the switch is con-
nected with the leading ends of the conductors 39 con-
nected with the c-contacts 59 of the push-button switch
5, and that the connector portion 107 for the cable is
removably fitted with the connector portion 109 for the
switch thereby electrically connecting the c-contacts 59
of the push-button switch 5 with the cable 7. It is noted
here that a connector comprising the connector portion
107 for the cable and the connector portion 109 for the
switch constitutes the connection means of the present
invention.

[0083] Likewise to the first embodiment described
above, such an arrangement also provides the easy and
removable connection between the cable 7 and the push-
button switch 5. Furthermore, the connection means is
constituted by the less costly connector consisting of the
connector portions 107, 109 and hence, the maintenance
cost for the grip type switch device 1 can be reduced.
[0084] In addition, the switch case 3 may be further
provided with a drive switch 111 for another device at the
other end thereof, which is opposite to the one end there-
of through which the cable 7 is introduced. The device
activated by the drive switch 111 may be exemplified by
an alarm (not shown) disposed in a factory, for example.
The drive switch 111 integrated with the grip type switch
device 1 may be manipulated to activate the alarm which
outputs a buzzer sound or the like. The buzzer sound or
the like ensures that any person outside of the safety
fence 207 is informed of an emergency inside of the safe-
ty fence 207 even in the noises of the factory.

[0085] Another example of the device to be activated
by the drive switch 111 may be the industrial machinery
203 itself. Specifically, an arm of the industrial machinery
203 may be manually driven for teaching, whereby in
addition to the operator of the teaching pendant 227, the
assistant operator with the grip type switch device 1 is
also permitted to perform the teaching operation to the
industrial machinery 203. This leads to an increased ef-
ficiency of the work. It is noted that the drive switch 111
is not limited to the above and may be designed to acti-
vate any other device.

[0086] Furthermore, as shown in Fig.10, the switch
case 3 may be provided with an emergency stop switch
113 for the controller 201 (see Fig.17 at the other end
thereof which is opposite to the one end thereof through
which the cable 7 is introduced. The provision eliminates
the need for the operator to rush to any of the emergency
stop switches 211 inside and outside of the safety fence
207 and to manipulate it, in the event of abnormal con-
ditions of the industrial machinery 203, for example. The
controller 201 can be brought into an emergency stop by
manipulating the emergency stop switch 113 at the grip
type switch device 1.

[0087] Therefore, the embodiment provides for a quick
emergency stop of the controller 201 in case of abnormal
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conditions of the industrial machinery 203 or the like, thus
ensuring the safety during the work. Such an emergency
stop switch 113 may preferably be of a push-lock and
turn-reset system, for example.

[0088] In the first embodiment described above, the
two LEDs 37a, 37b indicating the ON and OFF states of
the push-button switch 5 may not necessarily be provid-
ed. Further, the drive switch 111 shown in Fig.9 or the
emergency stop switch 113 shown in Fig.10 may not nec-
essarily be provided.

(Second Embodiment)

[0089] A second embodiment of the present invention
will be described with reference to Figs.11 to 13, which
are sectional views each showing a different state of a
push-button switch disposed in a switch case. Since es-
sential configurations of the switch case 3, cable 7 and
connection means of the grip type switch device 1 of the
embodiment are substantially the same as those of the
firstembodiment, the following description principally dis-
cusses differences from the first embodiment with refer-
ence to Figs.1 to 4 as well, so that the redundancy is
obviated.

[0090] In the grip type switch device of the embodi-
ment, a configuration of the push-button switch disposed
in the switch case 3 differs from that of the first embodi-
ment. Specifically, the first embodiment employs the
push-button switch 5 of the snap action type, whereas
this embodiment employs the push-button switch of a
slow action type.

[0091] As shown in Fig.11, a push-button switch 131
comprises a switch case 132 having a rectangular shape
in plan; a push button 133 depressibly supported by the
switch case 132; two pairs of pressing elements 134 for
producing additional load on the push button when the
push-button switch 131 in the ON sate is shifted to the
second OFF state; and a pair of switch elements 135 for
switching ON or OFF the push-button switch and a nor-
mally close contact 136 as an auxiliary contact. As seen
in the figure, the push-button switch 131 has a symmet-
rical configuration and therefore, the following descrip-
tion discusses a configuration of only a right half thereof
while the explanation of a left half thereof is dispensed
with.

[0092] Inside of the push button 133, there are dis-
posed a first pressing member 139 operatively associat-
ed with pressing-down on the push button 133 for de-
pressing the switch element 135, and a second pressing
member 140 operatively associated with pressing-down
on the push button 133 for depressing the normally close
contact 136. The normally close contact 136 is located
centrally of the switch case 132, whereas the pair of
switch elements 135 having the slow action configuration
are located at opposite ends of the switch case as sand-
wiching the normally close contact 136 therebetween.
[0093] The normally close contact 136 is essentially
configured the same way as the normally close contact
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61 of the first embodiment described above. Specifically,
as shown in Fig.11, the normally close contact 136 com-
prises a movable member 138 disposed in the switch
case 132 and projecting toward the push button 133 (up-
wardly) as urged upward by a helical spring 137 disposed
therebelow; a pair of movable terminals (not shown) at-
tached to the movable member 138; and a pair of sta-
tionary terminals (not shown) brought into or out of con-
tact with the movable terminals. In an initial state, the
movable member 138 is urged upward by the helical
spring 137, while the movable terminals and the station-
ary terminals are in contact with each other to establish
a closed state. The stationary terminals are electrically
connected with a terminal piece 141 projecting down-
wardly from the switch case 132, the terminal piece 141
connected with the board 41 of the terminal block 9 via
the conductor 39 (see Fig.4).

[0094] The switch element 135 comprises a case por-
tion 142; a depression member 143 depressibly support-
ed by the case portion 142; a pair of stationary terminals
145 each attached to one end of a leaf spring 144 dis-
posed inthe case portion 142; a pair of movable terminals
147 attached to a bracket 146 and brought into or out of
contact with the stationary terminals 145; and a switching
mechanism 148 operatively associated with pressing-
down on the depression member 143 for bringing the
movable terminals 147 into contact with the stationary
terminals 145, but adapted to move the movable termi-
nals 147 away from the stationary terminals 145 when
the depression reaches a predetermined amount. Each
of the leaf springs 144 is formed of a conductive member,
the other end of which projects downwardly from the
switch case 132 to define a terminal piece 149, which is
connected with the board 41 of the terminal block 9 via
the conductor 39. It is noted here that the movable ter-
minal 147 and the stationary terminal 145 of the switch
element 135 constitute an a-contact.

[0095] Anaccommodating portion 151 of arectangular
shape in plan is defined in the depression member 143,
and is formed with slopes 152 at opposite side walls
thereof. On the other hand, a pair of projections 150 for
pressing down on the leaf springs 144 are provided at a
bottom of the depression member 143.

[0096] The switching mechanism 148 comprises anin-
sertion member 154 disposed in the accommodating por-
tion 151 of the depression member 143 and formed with
a pair of cavities 153; a pair of slide blocks 155 disposed
in the individual cavities 153 of the insertion member 154
as allowed to move horizontally (lateral directions as
seenin Fig.11); ahelical spring 156 coupling the insertion
member 154 with the bracket 146 for urging the movable
terminals 147 downwardly; and a shaft member 157 pro-
jecting downwardly from the bracket 146.

[0097] The slide blocks 155 are urged toward opposite
ends of the depression member 143 by means of helical
springs 158 disposed in the cavities 153 of the insertion
member 154. The slide blocks 155 are each formed with
a slope 161 at one end thereof, the slope 161 engaged
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with each corresponding slope 152 of the depression
member 143.

[0098] The shaft member 157 has its lower part insert-
ed in a hole 162 formed at a bottom of the case portion
142. The hole 162 receives a return spring 163, an upper
end of which is anchored to a lower end of the shaft mem-
ber 157. The shaft member 157 is constantly urged up-
ward by means of an urging force of the return spring 163.
[0099] When the push button 133 in the first OFF state
(undepressed) is pressed down, the first pressing mem-
ber 133 of the push button 133 presses down on an upper
surface of the depression member 143, as shown in Fig.
12. Thus, the switching mechanism 148 operatively as-
sociated with the depression member 143 is moved down
to push down the movable terminals 147, which come
into contact with the stationary terminals 145. In this state,
the push-button switch 131 is shifted to the ON state,
enabled for teaching operation to the industrial machin-
ery 203 (see Fig.17).

[0100] Atthistime, pressingforces from the slopes 152
of the accommodating portion 151 act on the slopes 161
of the slide blocks 155 to move the slide blocks 155 in-
wardly. However, the urging force of the helical spring
156 urging the slide blocks 155 upwardly overcomes the
pressing forces, so that the slide blocks 155 are not
moved, maintained in the engaged relation with the de-
pression member 143.

[0101] Whenthe operator, being aware of any potential
danger, presses further down on the push button 133 in
the ON state, the urging force of the helical spring 156
overcomes the forces urging the slide blocks 155 out-
wardly, so that the slide blocks 155 with their slopes 161
sliding on the slopes 152 of the accommodating portion
151 are moved inwardly of the insertion member 154
against the helical springs 158. As a result, the slide
blocks 155 are released from the engaged relation with
the depression member 143 so that the switching mech-
anism 148 is moved upward by means of the return spring
163, as shown in Fig.13. This also moves up the movable
terminals 147, which go out of contact with the stationary
terminals 145, so that the push-button switch 131 is shift-
ed to the second OFF state where the industrial machin-
ery is deactivated. At this time, the projections 150 of the
depression member 143 push down the leaf springs 144,
thereby forcefully moving the movable terminals 147
away from the stationary terminals 145 even if the mov-
able terminals 147 are fused to the stationary terminals
145, for example. Thus is ensured that the push-button
switch 131 in the ON state is positively shifted to the
second OFF state.

[0102] Ontheotherhand, whenthe push-button switch
131 in the ON state is shifted to the second OFF state,
the movable member 138 of the normally close contact
136 is pushed down by the second pressing member 140
of the push button 133. Therefore, the movable terminals
of the normally close contact 136 go out of contact with
the stationary terminals thereby to open the normally
close contact 136. Thus, the normally close contact 136
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is closed in the first OFF state, and is opened in the sec-
ond OFF state. Accordingly, the push-button switch 131
can be readily determined to be in the first OFF state or
in the second OFF state by monitoring the normally close
contact 136.

[0103] In this embodiment wherein the push-button
switch 131 of the slow action type is employed in place
of the push-button switch 5 of the snap action type, it
goes without saying that the cable 7 can be readily re-
placed at low cost just as in the first embodiment. The
push-button switch 131 can be set to any of three posi-
tions (the first OFF state, the ON state and the second
OFF state) according to the amounts of push-button de-
pression 133. The push-button switch 131 provides for
a tangible indication of intent of the operator, such that
the safety of the operator is ensured.

(Third Embodiment)

[0104] A third embodiment will be described with ref-
erence to Figs.14 to 16. Fig.14 is side elevation showing
a grip type switch device, whereas Fig.15 is a sectional
view taken on the line A-A in Fig.14. Fig.16 is a diagram
illustrative of how the grip type switch device is used.
[0105] In this embodiment, an essential configuration
of a controller for industrial machinery 201 employing the
grip type switch device is substantially the same as that
shown in Figs.17 to 19 and therefore, the following de-
scription is made with reference to these figures as well,
while obviating the redundancy. In this embodiment, es-
sential configurations of the push-button switch 5, the
connection means and the cable 7 of a grip type switch
device 181 are substantially the same as those of the
first embodiment, as shown in Figs.17 to 19 and there-
fore, the following description principally discusses dif-
ferences from the first embodiment while obviating the
redundancy.

[0106] The grip type switch device 181 of this embod-
iment differs from that of the first embodiment in the con-
figuration of a switch case 183. Furthermore, this em-
bodiment differs from the first embodiment in that the
controller 201 is provided with a safety switch 184.
[0107] As shownin Fig.14, the switch case 183 is pro-
vided with a receiving portion 187 for receiving an actu-
ator 185 at the other end thereof which is opposite to the
one end thereof through which the cable 7 is introduced.
The actuator 185 is retractably disposed in the receiving
portion 187.

[0108] As shown in Figs.14 and 15, the receiving por-
tion 187 is formed with an aperture 189 at an end face
thereof. An operation lever 191 fixed to one surface of
the actuator 185 projectingly extends through the aper-
ture 189. The actuator 185 may be projected from the
receiving portion 187 or retracted into the receiving por-
tion 187 by manipulating the operation lever 191. In this
case, a lock mechanism (not shown) is provided such
that the actuator 185 in the projected position is less
prone to be retracted into the receiving portion 187 or
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thatthe actuator 185in the retracted position is less prone
to be projected from the receiving portion 187.

[0109] The safety switch 184 is electrically connected
with the control panel 209 (see Fig.17) disposed on the
safety fence 207, as shown in Fig.16. The safety switch
184 is essentially configured the same way as the safety
switch 215 shown in Fig.17 and comprises a case body
193 and c-contacts (not shown) disposed in the case
body. A main difference from the safety switch 215 shown
in Fig.18 is that the actuator 185 is mounted to the switch
case 183 rather than to the door 213. The safety switch
184 is fixed to the outside surface of the safety fence 207
in adjoining relation with the control panel 209.

[0110] AsshowninFig.16,the case body 193isformed
with an insertion hole 195 on one surface thereof, the
insertion hole 195 adapted to receive the actuator 185.
In a case where the grip type switch device 181 is not
used or where the industrial machinery (industrial robot)
203 is externally controlled via the control panel 209 (see
Fig.17), the grip type switch device 181 is mounted to
the safety switch 184 by inserting the actuator 185 in the
insertion hole 195.

[0111] The c-contacts of the safety switch 184 is elec-
trically connected with the control panel 209 (see Fig.17)
and hence, the contacts of the safety switch 184 are
closed when the actuator 185 is inserted in the safety
switch 184 whereby the industrial machinery 203 can be
controlled only through the control panel 209. When, on
the other hand, the actuator 185 is extracted from the
safety switch 184, the c-contacts of the safety switch 184
are opened, so that the control panel 209 is disabled to
control the industrial machinery 203 while the industrial
machinery 203 can be manually operated only through
the teaching pendant 227 (see Fig.19) or the grip type
switch device 181. The safety switch 184 also differs from
the safety switch 215 shown in Fig. 17 in that the safety
switch 184 functions to switch the control panel 209 be-
tween an enable state for control of the industrial ma-
chinery 203 and a disable state for control of the same.
[0112] In the grip type switch device 181, the cable 7
is connected by way of the terminal block 9 or the con-
nector similarly to the first embodiment described above.
Therefore, the cable 7 can be readily replaced by taking
the same procedure as in the first embodiment.

[0113] Next, description is made on operations of the
grip type switch device 181 of the above configuration.
In the manual operation of the industrial machinery 203,
the grip type switch device 181 is dismounted to extract
the actuator 185 from the safety switch 184. This switches
the c-contacts in the safety switch 184 so as to disable
the control panel 209 to control the industrial machinery
203. Thus, theindustrial machinery 203 inside of the safe-
ty fence 207 is placed in a mode to be taught only through
the teaching pendant 227 or the grip type switch device
181.

[0114] Then, while the door 213 in the doorway of the
safety fence 207 held open, the operators with the grip
type switch devices 181 enter the zone inside of the safe-
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ty fence 207, where the operators manually operate the
industrial machinery 203 or perform the program teach-
ing via the teaching pendant 227. That is, by opening the
door 213 of the safety fence 207, the contacts in the safety
switch 215 are opened so that the power to the industrial
machinery 203 is cut off while only the manual operation
is effective.

[0115] Afterthe actuator 185is extracted from the safe-
ty switch 184, the operation lever 191 may be manipu-
lated to retract the actuator 185 into the receiving portion
187. This prevents the actuator 185 from contacting the
machinery or any other operator during the work.
[0116] In the third embodiment, it goes without saying
that the cable 7 can be readily replaced at low cost just
as in the first embodiment described above. In addition,
when the actuator 185 is extracted from the safety switch
184, the c-contacts in the safety switch 184 are shifted
so that the control panel 209 is disabled to control the
industrial machinery 203, which can be operated only by
the grip type switch device 181. Therefore, if anyone out-
side the safety fence 207 should mistakenly manipulate
the control panel 209 during the execution of manual op-
eration of the industrial machinery 203 inside of the safety
fence, for example, the industrial machinery 203 is never
activated and the safety during the work can be en-
hanced.

[0117] Even if the door 213 of the safety fence 207 is
inadvertently closed while the industrial machinery 203
is manually operated, the power supply to the industrial
machinery 203 can be inhibited so that the industrial ma-
chinery 203 is prevented from being activated. This re-
sults in the enhanced safety during the work.

[0118] In the third embodiment described above, the
grip type switch device 181 may be provided with the
indication means such as the two LEDs for indicating the
ON and OFF states of the switch. The switch device may
be further provided with the drive switch 111 as shown
in Fig.9 or with the emergency stop switch 113 as shown
in Fig.10.

[0119] Needless to say, the push-button switch 131 of
the slow action typeillustrated in the second embodiment
may be used as the push-button switch disposed in the
grip type switch device 181.

[0120] Although the three-position type push-button
switches are employed as the push-button switches dis-
posed in the grip type switch devices of the foregoing
embodiments, the present invention is not limited to this.
The present invention may employ a two-position type
push-button switch which is switched between ON and
OFF by push-button depression.

[0121] The foregoing embodiments illustrate the ex-
amples where the push-button switch includes the two
c-contacts or a-contacts. It goes without saying that the
push-button switch may include one contact or three or
more contacts.

[0122] It is noted that the watertight means and the
indication means of the present invention are not limited
to the watertight packing 17 and the LEDs 37a, 37b illus-
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trated in the foregoing embodiments. As a matter of
course, the configuration of the guard member 27 is not
also limited to that illustrated by the above embodiments.
In short, the guard member may be so configured as to
permit the push-button switch to be manipulated and to
cover a part of the push button thereby to prevent the
push button from being depressed by the adhesive tape
wound therearound.

[0123] In an alternative arrangement, a sensor for de-
tecting a human hand gripping the switch case may be
provided in place of the guard member 27. The arrange-
ment is made such that the push-button switch can be
switched ON or OFF only when the sensor detects the
human hand gripping the switch case. In this manner,
the grip type switch device is prevented from being used
with the adhesive tape wound therearound. As this sen-
sor, an electrostatic condenser type sensor is preferred,
which provides an easy and reliable detection of the hu-
man hand gripping the switch case based on the varia-
tions of capacitance.

[0124] Itis to be noted that the presentinvention is not
limited to the foregoing embodiments and various chang-
es and modifications may be made thereto within the
scope of the invention.

Industrial Applicability

[0125] As mentioned supra, the grip type switch device
according to the present invention is arranged such that
the cable is removably held in electrical connection with
the push-button switch by way of the connection means
contained in the switch case. In the case of damage on
the cable, for example, the cable alone can be removed
from the grip type switch device for replacement. In con-
trasttothe priorart, the presentinvention does not require
the whole grip type switch device to be replaced by a
new one when the cable is damaged. Furthermore, the
present invention does not require an expensive connec-
tor such as the watertight connector. Thus, the mainte-
nance cost associated with the cable replacement can
be reduced.

[0126] In addition, the grip type switch device accord-
ing to the present invention features the terminal block
as the connection means, wherein the conductive con-
nection portions, on the one side, at the terminal block
electrically connected with the push-button switch are
removably fitted with the conductive connection portions,
on the other side, attached to the leading ends of the
cores of the cable. Therefore, the cable can be replaced
by releasing the cores of the cable from the terminal
block. Furthermore, the less costly terminal block pro-
vides for the connection between the push-button switch
and the cable and hence, a simple connection structure
results. Thus, the maintenance cost for the grip type
switch device can be reduced.

[0127] In addition, the grip type switch device accord-
ing to the present invention features the connection
means which consists of the connector including the con-
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nector portion for the switch and the connector portion
for the cable. In order to replace the cable, therefore, the
fitted connector portions only need be disengaged from
each other, so that the cable replacement is facilitated.
In addition, the push-button switch and the cable are in-
terconnected by way of the less costly connector, which
contributes to the simple configuration. Thus, the main-
tenance cost for the grip type switch device can be re-
duced.

[0128] In the grip type switch device according to the
present invention, the push-button switch thereof is
adapted to be shifted from the first OFF state to the ON
state and then to the second OFF state according to the
increased amounts of push-button depression. Thus, the
push-button switch in the ON state can be returned to
the first OFF state by releasing the push button, or con-
versely to the second OFF state by pressing further down
on the push button. Thus, the safety of the operator can
be enhanced.

[0129] The auxiliary contact assuming different open/
close positions in the first OFF state and the second OFF
state is provided in the switch case. Therefore, whether
the push-button switch is in the first OFF state or in the
second OFF state can be readily determined by monitor-
ing the open/close position of the auxiliary contact.
[0130] The controller for industrial machinery employ-
ing the grip type switch device according to the present
invention is arranged such that the control panel for in-
dustrial machinery is disabled when the push-button
switch of the grip type switch device is ON. This prevents
the industrial machinery from being inadvertently activat-
ed by someone outside the partitioning means that ma-
nipulates the control panel when the industrial machinery
is subjected to the program teaching via the grip type
switch device. Thus, the safety of the operator performing
the teaching operation can be ensured.

This application is a divisional application of European
patent application no. 01 965 595.0 (the "parent applica-
tion"), also published under no. EP 1 326 261. The orig-
inal claims of the parent application are repeated below
in the present specification and form part of the content
of this divisional application as filed.

1. A grip type switch device comprising a switch case
configured to be held by one hand and including a
push-button switch capable of being switched OFF
or ON according to the amount of push-button de-
pression,

wherein connection means contained in said switch
case establishes removable electrical connection
between an end of a cable introduced into said switch
case and contacts of said push-button switch.

2. The grip type switch device as claimed in Claim
1, wherein said connection means comprises a base
contained in said switch case, and a terminal block
formed on said base and including a plurality of con-
ductive connection portions, on one side, electrically
connected with the contacts of said push-button

10

15

20

25

30

35

40

45

50

55

13

switch, and

wherein conductive connection portions, on the oth-
er side, attached to individual leading ends of plural
cores of said cable are removably fitted with the cor-
responding conductive connection portions on said
one side, thereby establishing electrical connection
of said cable.

3. The grip type switch device as claimed in Claim
1, wherein said connection means comprises a con-
nector including a connector portion for the switch
which is contained in said switch case and electri-
cally connected with the contacts of said push-button
switch, and a connector portion for the cable which
is electrically connected with leading ends of plural
cores of said cable introduced into said switch case
and is removably fitted with said connector portion
for the switch.

4. The grip type switch device as claimed in any one
of Claims 1 to 3, wherein said push-button switch is
shifted from a first OFF state to an ON state and then
to a second OFF state according to the increased
amounts of push-button depression, and wherein
said push-button switch includes an auxiliary contact
in said switch case, said auxiliary contact designed
to be opened or closed when said push-button switch
is in said first OFF state and to be closed or opened
when said push-button switch is in said second OFF
state.

5. The grip type switch device as claimed in any one
of Claims 1to 4, wherein said switch case is provided
with an emergency stop switch to be manipulated
for bringing an external system into emergency stop.
6. The grip type switch device as claimed in Claim
5, wherein said switch case is provided with an ac-
tuator removably inserted in a safety switch provided
at said external system, and wherein said external
system is shifted to an enable mode for control via
acontrol panel of said external system uponinsertion
of said actuator in said safety switch, whereas said
external system is shifted to a disable mode for con-
trol via the control panel thereof upon extraction of
said actuator from said safety switch.

7. The grip type switch device as claimed in Claim
6, wherein said actuator is disposed in said switch
case in a manner to be freely projected or retracted.
8. The grip type switch device as claimed in any one
of Claims 1to 7, wherein a guard member for partially
covering a push button of said push-button switch is
removably fixed to said switch case.

9. The grip type switch device as claimed in any one
of Claims 1 to 8, wherein indication means indicative
of the ON and OFF states of said push-button switch
is provided at said switch case.

10. The grip type switch device as claimed in any
one of Claims 1 to 9, wherein a drive switch for an-
other device is provided at said switch case.

11. The grip type switch device as claimed in any
one of Claims 1 to 10, wherein said switch case is
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provided with watertight means at a lead-in portion
thereof, through which said cable is introduced into
said switch case.

12. The grip type switch device as claimed in any
one of Claims 1 to 11, wherein a push button of said
push-button switch projects from a periphery of said
switch case, and wherein said switch case is formed
with projections at places on opposite sides of said
push button, said projections projecting further out-
ward than said push button.

13. A controller for industrial machinery employing
the grip type switch device as claimed in any one of
Claims 1 to 12, the controller comprising:

partitioning means partitioning a zone around
anindustrial machinery and including a doorway
freely opened or closed; and

a control panel for said industrial machinery dis-
posed near said doorway and switched between
a disable mode for control and an enable mode
for control in association with the ON state and
the OFF state of said push-button switch of said
grip type switch device, respectively.

Claims

A grip type switch device (1; 181) comprising a switch
case (3; 183) configured to be held by one hand and
including a push-button switch (5), wherein connec-
tion means (9) contained in said switch case (3; 183)
establishes removable electrical connection be-
tween an end of a cable (7) introduced into said
switch case (3; 183) and contacts (71, 81) of said
push-button switch (5),

characterized in that

said push-button switch (5) is capable of being
switched OFF or ON according to the amount of
push-button depression, wherein said push-button
switch configured to be shifted from a first OFF state
to an ON state and then to a second OFF state ac-
cording to the increased amounts of push-button de-
pression, and

said push-button switch includes an auxiliary contact
(61) in said switch case, said auxiliary contact being
configured to be opened or closed when said push-
button switch is in said first OFF state and to be
closed or opened when said push-button switch is
in said second OFF state, wherein the auxiliary con-
tact is in one of an ON or OFF state in the first OFF
state of the push button switch and in the other of
the ON or OFF state in the second OFF state of the
push button switch.

The grip type switch device (1; 181) as claimed in
Claim 1,

wherein said connection means (9) comprises

a base (43) contained in said switch case (3), and a
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terminal block formed on said base and including a
plurality of conductive connection portions, on one
side, electrically connected with the contacts (71) of
said push-button switch (5), and wherein conductive
connection portions, on the other side, attached to
individual leading ends of plural cores of said cable
are removably fitted with the corresponding conduc-
tive connection portions on said one side, thereby
establishing electrical connection of said cable, or
wherein said connection means comprises

a connector including a connector portion for the
switch which is contained in said switch case and
electrically connected with the contacts of said push-
button switch, and a connector portion for the cable
which is electrically connected with leading ends of
plural cores of said cable introduced into said switch
case and is removabily fitted with said connector por-
tion for the switch.

The grip type switch device (1; 181) as claimed in
any one of Claims 1 and 2, wherein said push-button
switch (5) is shifted from a first OFF state to an ON
state and then to a second OFF state according to
the increased amounts of push-button depression,
and wherein said push-button switch (5) includes an
auxiliary contact (61) in said switch case (3; 183),
said auxiliary contact (61) designed to be opened or
closed when said push-button switch (5) is in said
first OFF state and to be closed or opened when said
push-button switch (5) is in said second OFF state.

The grip type switch device (1; 181) as claimed in
any one of Claims 1 to 3, wherein said switch case
(3; 183) is provided with an emergency stop switch
(113) to be manipulated for bringing an external sys-
tem into emergency stop.

The grip type switch device (1; 181) as claimed in
any one of Claims 1 to 4, wherein a guard member
(27) for partially covering a push button (25) of said
push-button switch (5) is removably fixed to said
switch case.

The grip type switch device (1; 181) as claimed in
any one of Claims 1 to 5, wherein indication means
(37a, 37b) indicative of the ON and OFF states of
said push-button switch (5) is provided at said switch
case.

The grip type switch device (1; 181) as claimed in
any one of Claims 1 to 6, wherein a drive switch (111)
for another device is provided at said switch case.

The grip type switch device (1; 181) as claimed in
any one of Claims 1 to 7, wherein said switch case
is provided with watertight means (17) at a lead-in
portion thereof, through which said cable is intro-
duced into said switch case.
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The grip type switch device (1; 181) as claimed in
any one of Claims 1 to 8, wherein a push button (25)
of said push-button switch (5) projects from a periph-
ery of said switch case, and wherein said switch case
is formed with projections (35a, 35b) at places on
opposite sides of said push button, said projections
projecting further outward than said push button.

The grip type switch device as claimed in Claim 1,
wherein said switch case is provided with an actuator
(185) removably inserted in a safety switch (184) pro-
vided at an external system (207, 209), and wherein
said external system is shifted to an enable mode
for control via a control panel (209) of said external
system upon insertion of said actuator in said safety
switch, whereas said external system is shifted to a
disable mode for control via the control panel thereof
upon extraction of said actuator from said safety
switch.

A controller for industrial machinery (201) compris-
ing the grip type switch device (1; 181) as claimed
in any one of Claims 1 to 10, the controller compris-
ing:

partitioning means (207) partitioning a zone
around an industrial machinery (201) and includ-
ing a doorway (205) freely opened or closed; and
a control panel (209) for said industrial machin-
ery (201) disposed near said doorway (205) and
switched between a disable mode for control
and an enable mode for control in association
with the ON state and the OFF state of said push-
button switch (5) of said grip type switch device
(1; 181), respectively.
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